metastasis has yet to be elucidated. In this study, we demonstrate that LPP is required for 5
TGFβ-induced cell migration, cell invasion and focal adhesion turnover in ErbB2-6 expressing mammary tumor cells that undergo an EMT in response to TGFβ. shown that ErbB2-transformed breast cancer cells (NMuMG-ErbB2) exhibit enhanced 6
TGFβ-induced migration and invasion, concomitant with their ability to undergo an 7 epithelial-to-mesenchymal transition (EMT) (Northey et al., 2008) . Therefore, we 8 reasoned that LPP may contribute to the migratory phenotype of these cells during the 9
EMT process. To test this, we transiently reduced LPP levels in NMuMG-ErbB2 cells 10 using siRNAs. In agreement with our previous results (Northey et al., 2008), TGFβ 11 treatment induced a 2.5-fold average increase in the migration and a 2.6-fold average 12 increase in the invasion of three independent NMuMG-ErbB2 tumor cells explants that 13
were transfected with control siRNAs (Fig. 1A,B) . In contrast, diminished LPP 14 expression ablated TGFβ-induced migration and invasion in all three NMuMG-ErbB2 15 explant populations (Fig. 1A,B) . Immunoblot analysis confirmed a significant reduction 16 in LPP levels in cells transfected with LPP-targeting siRNAs compared to cells 17 transfected with control siRNAs (Fig. 1C) . ( Fig. 2A ; Table 1 ). In contrast, LPP localization to vinculin-positive focal adhesions 11 decreased (both percentage colocalization and staining intensity) in TGFβ-stimulated 12
NMuMG-ErbB2(NYPD) cells ( Fig. 2B ; Table 1 ). Moreover, TGFβ stimulation also 13 resulted in the localization of LPP to focal adhesions in the HCC1954 ( Fig. 2C ; Table 1)  14 and NIC (data not shown) breast cancer cell models, which correlates with the ability of 15
TGFβ to enhance the migratory and invasive phenotypes of these cells. We next established an inducible knockdown system using shRNAs targeting the 3' 26 untranslated region (UTR) of LPP. In this way, we are able to diminish the expression of 27 endogenous LPP and re-express versions of LPP that allow us to define the functional 28 domains of LPP that contribute to these processes. In complete agreement with our 29 siRNA results (Fig. 1) , we were able to show that doxycycline-induced knockdown of 30 LPP, using two independent shRNAs, resulted in the complete loss of TGFβ-induced 31
Journal of Cell Science Accepted manuscript migration (supplementary material Fig. S5A ) and invasion (supplementary material Fig.  1 S5B) compared to cells that were not treated with doxycycline or those harboring a 2 control shRNA. Immunoblot analysis confirmed doxycycline inducible knockdowns of 3 LPP with both independent shRNAs and that ErbB2 levels remained similar in all of the 4 cells, regardless of the LPP expression status (supplementary material Fig. S5C) . 5
With this system in place, we next asked whether the focal adhesion targeting 6 ability of LPP was required for its ability to promote TGFβ-induced migration and 7 invasion of ErbB2-expressing breast cancer cells. To accomplish this, we generated an 8 EGFP fusion protein with either wild-type LPP (LPP-WT) or a mutant form of LPP that 9 harbors mutations in the first LIM domain (LPP-mLIM1) (Fig. 3A) . Previous studies 10 have shown that mutations engineered into the LIM domains of LPP abrogate the ability 11 of this protein to target to focal adhesions (Petit et al., 2003) . Immunoblot analysis 12 revealed that endogenous LPP was efficiently reduced in cells following doxycycline 13 treatment and expression of the EGFP-LPP-WT and EGFP-LPP-mLIM1 proteins was 14 readily detected in cells as a slower migrating species, due to the GFP fusion (Fig. 3B) . 15
Expression of the EGFP-LPP fusion proteins was confirmed using antibodies against 16 either the GFP or the LPP portion of the fusion protein. Finally, the ErbB2 levels 17 remained uniform across the panel of NMuMG-ErbB2 cells (Fig. 3B ). As expected, 18 knockdown of endogenous LPP (VC) resulted in the complete ablation of TGFβ-induced 19 migration ( Fig. 3C ) and invasion (Fig. 3D) . Expression of the EGFP-LPP(WT) fusion 20 protein, but not the EGFP-LPP-mLIM1 mutant, rescued the migration and invasion of 21
NMuMG-ErbB2 cells in response to TGFβ treatment (Fig. 3C,D) . 22
To ensure that the observed effects on migration and invasion that result from LPP 23 loss were not secondary to other TGFβ-induced responses, we examined proliferation and 24 induction of an EMT in response to TGFβ. We observed no differences in proliferation 25 fusion proteins, we demonstrate that LPP does not require interaction with α -Actinin to 28 localize to focal adhesions (Fig. S10B) . However, the ability of α -Actinin to redistribute 29 from the cell periphery to stress fibers requires an intact α -Actinin binding domain in 30 LPP (Fig. 7) . 31 Nonetheless, the mechanisms underlying the synergy between these two pathways remain 6 unclear. In the present study, we demonstrate using both transient and stable knock-down 7 approaches that LPP is indispensable for mediating the migratory and invasive abilities of 
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